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Supplemental Methods 

Search strategy 

A systematic review of MEDLINE, EMBASE and the Cochrane Library were performed for 

randomised controlled trials (RCTs).  The dates for this search were initially from inception of each 

database until April 2016, and then subsequently extended to December 2018. The search strategy 

included broad keywords and MeSH terms in four stages: (i) beta-blockers, including individual drug 

names; (ii) cardiovascular disease in general and also the specific named cardiovascular conditions; 

(iii) meta-analysis; and (iv) limitation to adults.  We also manually searched reference lists of 

relevant studies, investigated registers of on-going trials and included studies after discussion with 

content experts. 

 

MEDLINE EMBASE Cochrane 

(i) beta-blockers 

exp adrenergic beta-antagonists/ exp beta adrenergic receptor blocking agent/ adrenergic beta-antagonists  

beta blocker*.mp.  beta blocker*.mp.  beta blocker  

beta receptor antagonist*.mp.  beta receptor antagonist*.mp.  beta receptor antagonist  

acebutolol.mp.  acebutolol.mp.  acebutolol  

atenolol.mp.  atenolol.mp.  atenolol  

bisoprolol.mp.  bisoprolol.mp.  bisoprolol  

bucindolol.mp.  bucindolol.mp.  bucindolol  

carteolol.mp.  carteolol.mp.  carteolol  

carvedilol.mp.  carvedilol.mp.  carvedilol  

celiprolol.mp.  celiprolol.mp.  celiprolol  

esmolol.mp.  esmolol.mp.  esmolol  

labetalol.mp.  labetalol.mp.  labetalol  

metoprolol.mp. metoprolol.mp metoprolol  

nadolol.mp.  nadolol.mp.  nadolol  

nebivolol.mp.  nebivolol.mp.  nebivolol  

propanolol.mp.  propanolol.mp.  propranolol  

(ii) cardiovascular disease 

exp cardiovascular diseases/ exp cardiovascular disease/ cardiovascular diseases  

thoracic surgery/ exp cardiovascular surgery/ thoracic surgery  

exp stroke/ exp cerebrovascular accident/ stroke  

angina.mp.  angina.mp.  angina  

heart failure.mp.  heart failure.mp.  heart failure  

atrial fibrillation.mp.  atrial fibrillation.mp.  atrial fibrillation  

myocardial infarction.mp.  myocardial infarction.mp.  myocardial infarction  

acute coronary syndrome.mp.  acute coronary syndrome.mp.  acute coronary syndrome  

hypertension.mp.  hypertension.mp.  hypertension  

cardiac surgery.mp.  cardiac surgery.mp.  cardiac surgery  

stroke*.mp.  stroke*.mp.  stroke  

  prevention  

  perioperative  

(iii) meta-analysis 

meta-analysis/ meta analysis/ meta-analysis  

meta-analysis as topic/ "meta analysis (topic)"/ meta-analysis as topic  

(meta analy* or metaanaly*).mp.  (meta analy* or metaanaly*).mp.  (meta anlysis or metaanalysis)  

(iv) limitation to adults 

limit to "all adult (19 plus years)" 
limit to (adult 18 to 64 years or aged 65+ 

years) 

limit to adult 
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Data collection, analysis and extraction of meta-analyses 

Two investigators (OJZ, MS) independently examined the eligibility of all titles and abstracts of 

meta-analyses identified by the search strategy.  Data were then independently extracted and 

tabulated in a standardised extraction form.  Differences and missing data were resolved by group 

discussion, reference to the original publication and additional independent adjudication (DK).   

 

All data were extracted from meta-analyses, including crude and adjusted outcome data where 

available.  For coronary artery disease (CAD) trials were classified into acute myocardial infarction 

(MI) trials (if randomised within 48 hours of symptom onset) or non-acute trials (if >48 hours of 

symptoms), and by whether the majority of patients received reperfusion (pre-reperfusion trials if 

<50% of patients received reperfusion either with thrombolytics or coronary intervention, and 

reperfusion if ≥50%).  In heart failure (HF), we assessed according to clinical subgroups: age, left 

ventricular ejection fraction (LVEF), heart rhythm and concomitant conditions.  Perioperative studies 

were grouped by type of surgery (cardiac and non-cardiac) and risk of bias.  Many meta-analyses for 

non-cardiac surgery include the Dutch Echocardiographic Cardiac Risk Evaluation Applying Stress 

Echocardiography (DECREASE) studies, which the sponsor declared as subject to potential 

scientific misconduct[1]; meta-analyses containing these studies were therefore defined as high risk.  

In hypertension, we considered different control groups (placebo, renin-angiotensin system [RAS] 

antagonists, calcium channels blockers [CCB] and diuretics), and performed a post-hoc sensitivity 

analysis according to beta-blocker agent (atenolol versus other beta-blockers). 

 

Risk of bias and quality assessment 

Two authors (DIB, JPH) independently assessed meta-analysis quality using the AMSTAR 

instrument (A Measurement Tool to Assess Multiple Systematic Reviews)[2] and the ROBIS tool 

(Risk of Bias in Systematic Reviews),[3] which address key criteria such as eligibility criteria, study 

identification and selection, study appraisal, data extraction and synthesis.  Risk of bias in the 

individual RCTs was assessed with the Cochrane risk of bias tool.[4] 

 

Additional statistical methods 

Risk ratio (RR):  Where the RR could not be calculated due to crude event data being unreported, we 

imputed the adjusted RR from the study, or converted the odds ratio to RR using published methods: 

RR = OR / ([1−pRef] + [pRef*OR]), where pRef is the prevalence of the outcome in the reference 

group.[5]  There was insufficient reporting of hazard ratios to allow comparison across trials, and 

hence these were not used in analysis. 
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Supplemental Table 1: Details of included meta-analyses 

INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Coronary Artery Disease 

Al-Reesi 

2008 [6] 

Acute MI (not 

defined) 
Randomised within 72 hours post MI 6 week mortality Any 

Placebo or no 

Tx 
18 37,358 37,286 1.17 HIGH 6/11 

Bangalore 

2014 [7] 

Acute MI (not 

defined) 
RCTs >100 patients All-cause mortality Any 

Placebo, no 

Tx or other Tx 
60 15,004 20,642 9.77 HIGH 6/11 

Brandler 

2010 [8] 

Acute coronary 

syndrome 
Randomised within 24 hours post MI In-hospital mortality 

β1 

antagoni

st 

Placebo or no 

Tx 
18 36,173 36,076 9.77 LOW 5/11 

Chatterjee  

2013 [9] 

acute or 

suspected ACS 

with <48h onset 

Randomised IV BB started <48hr after 

ACS onset. 
In-hospital mortality Any 

Placebo or no 

Tx 
16 36,737 36,659 0.69 LOW 7/11 

Elgendy 

2016[10] 

STEMI 

undergoing PCI, 

Killip class 1 or 

2 

RCTs of IV BB vs placebo All-cause mortality Any 
Placebo or no 

Tx 
4 572 577 0.08 LOW 8/11 

Freemantle 

1999 [11] 

Acute or past 

MI 
RCTs without crossover. Tx >1day All-cause mortality Any 

Placebo or no 

Tx 
82 27,372 26,701 1.87 HIGH 8/11 

Houghton 

2000 [12] 
HF post-MI 

RCTs >50 patients. Started on BB or 

control post-MI on treatment for >1 

month 

All-cause mortality Any 
Placebo or no 

Tx 
17 5408 5451 0.52 LOW 5/11 

Huang HL  

2012 [13] 
Stable angina RCTs, Treatment duration >3 weeks. CV mortality Any Placebo 89 1186 1129 9.35 HIGH 3/11 

Olsson 1992 

[14] 

Acute MI (not 

defined) with 

<48h onset 

RCTs, placebo-controlled, metoprolol in 

acute treatment of MI 
All-cause mortality 

Metopro

lol 
Placebo 5 2753 2721 4.28 HIGH 3/11 

Paladino 

2010 [15] 

STEMI given 

BB within 8hrs 
RCTs, STEMI patients In-hospital mortality Any 

Placebo or no 

Tx 
18 36173 36076 0.62 LOW 2/11 

Perez 

2009[16] 

ACS, LVF, 

dissection, 

stroke 

Antihypertensive started within 24hrs of 

onset of acute event. Mortality data at 2 

days, 10 days or >30days. 

All-cause mortality Any 
Placebo or no 

Tx 
65 9273 9208 0.79 LOW 10/11 

Soriano 

1997 [17] 
Post-MI 

RCT providing data on mortality. 

Published and unpublished data included 
All-cause mortality Any Placebo 73 26036 25527 0.16 HIGH 4/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Heart Failure 

Abdulla 

2006 [18] 

Symptomatic 

HF. LVEF<45% 

on ACEi 

RCT, Tx duration >12weeks NYHA class and ETT Any Placebo 28 3727 3237 0.5 HIGH 6/11 

Al-Gobari 

2013 [19] 

HF (EF not 

specified) 

RCT, Tx duration >30 days with >3 

months f/u 
Sudden death Any 

Placebo, no 

Tx or other Tx 
30 12768 12011 1 LOW 6/11 

Azevum 

1998 [20] 
HFrEF RCT All-cause mortality Any Placebo 18 1606 1235 1.1 HIGH 2/11 

Badve 2011 

[21] 

HFrEF and 

CKD 

RCT, CKD stage 3-5, f/u >3 months. 

Reported mortality outcomes. 
All-cause mortality Any 

Placebo, no 

Tx or other Tx 
8 2868 2834 1 LOW 5/11 

Bavishi 

2014 [22] 

HF with LVEF 

>40% 

RCTs + prospective/retrospective cohort 

studies. 
All-cause mortality Any Placebo 17 n/s n/s 2.5 LOW 8/11 

Bell 2006 

[23] 

HFrEF, 25% 

with diabetes 

RCTs, placebo-controlled, Carvedilol as 

BB, HF due to LV systolic dysfunction. 
All-cause mortality 

Carved-

ilol 
Placebo 7 3034 2723 1 HIGH 4/11 

Burnett 

2017[24] 
HFrEF 

Network meta-analysis of medical 

therapies in HF 
All-cause mortality Any Placebo 57 n/s n/s 1 LOW 4/11 

Bonet 2000 

[25] 

HF (EF not 

specified) 

RCT parallel or crossover design, BB 

devoid of intrinsic sympathomimetic 

activity, Tx duration >8 weeks 

All-cause mortality Any 
Placebo, no 

Tx or other Tx 
21 3130 2719 0.5 HIGH 5/11 

Bouzamond 

2003 [26] 

HF (EF not 

specified) 

RCTs parallel design; data on mortality 

and hospitalisation outcomes 

All-cause mortality, 

HF hospitalisation 
Any Placebo 16 7630 7227 1.2 HIGH 1/11 

Brophy 

2001 [27] 

HF with LVEF 

<45% 
RCT 

All-cause mortality; 

HF hospitalisation 
Any Placebo 22 5273 4862 0.5 LOW 4/11 

Cleland 

2018[28] 

IPD: HF with 

mean EF 27% 

RCTs >300 patients, f/u >6 months, 

subgroup AF vs sinus rhythm, reported 

mortality, symptomatic HF 

All-cause mortality Any Placebo 11 5,581 8,315 1.5 LOW 10/11 

Cleophas 

2001 [29] 
HFrEF RCT, mortality reported All-cause mortality Any Placebo 4 3813 3679 1 UNCLEAR 2/11 

Dulin 2005 

[30] 
HFrEF 

RCT, subgroup >60 versus <60 years of 

age 
All-cause mortality Any Placebo 5 n/s n/s 1 HIGH 3/11 

Fauchier 

2007 [31] 
HFrEF 

RCT, subgroup ischaemic vs non-

ischaemic aetiology. Mortality reported, 

f/u > 6months 

All-cause mortality Any Placebo 8 3,792 3,458 1 LOW 4/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Fukuta 2016 

[32] 
HFpEF 

Compared observational studies and 

RCTs in HFpEF 
All-cause mortality Any Placebo 3 519 527 2 LOW 9/11 

Haas 2003 

[33] 
HFrEF 

RCT >100 pts, subgroup diabetic vs non-

diabetic, mortality outcome reported in 

diabetic subgroup 

All-cause mortality Any Placebo 6 n/s n/s 1.2 LOW 3/11 

Heidenreich 

1997 [34] 
HFrEF 

Parallel RCT, duration >3months, BB 

without intrinsic sympathomimetic 

activity, mortality reported 

All-cause mortality Any Placebo 17 1723 1316 0.5 HIGH 3/11 

Kotecha 

2014[35]/ 

2016[36]/ 

2017[37] 

IPD: HF with 

mean EF 27% 

RCTs >300 patients, f/u >6 months, 

subgroup AF vs sinus rhythm, reported 

mortality, symptomatic HF 

All-cause mortality Any Placebo 11 5,581 8,315 1.5 LOW 10/11 

Krum 2005 

[38] 
HFrEF 

RCT, >200 patients, reporting mortality, 

subgroup ACE/ARB vs no ACE/ARB 

and ACEi Tx duration ≤90/>90 days 

All-cause mortality Any Placebo 12 6,843 6,527 1.4 LOW 4/11 

Lechat 1998 

[39] 
HFrEF RCT parallel design All-cause mortality Any Placebo 18 1718 1305 0.6 HIGH 5/11 

Lee 2001 

[40] 
HFrEF RCT, reporting mortality All-cause mortality Any Placebo 6 4735 4436 1.3 HIGH 4/11 

Liu 2014 

[41] 

HF with LVEF 

>40% 

RCT reporting mortality or 

hospitalisation outcomes, f/u>6months 
All-cause mortality Any 

Placebo or no 

Tx 
12 7834 13030 2.1 LOW 7/11 

Martin 

2018[42] 

HF with LVEF 

>40% 

RCTs with parallel group design enrolling 

adults 

Cardiovascular 

mortality 
Any 

Placebo or no 

Tx 
10 550 555 2.7 LOW 10/11 

McAlister 

2009 [43] 
HFrEF RCT reporting mortality All-cause mortality Any Placebo 23 9820 9389 1 LOW 6/11 

Nasr 2006 

[44] 
HFrEF 

RCTs with parallel design, reporting AF 

incidence 

Occurrence of new 

AF 
Any Placebo 7 6007 5944 1.4 LOW 6/11 

O'Connor 

2011 [45] 
HFrEF 

RCTs, primary endpoint of mortality. ITT 

analysis, Subgroup U.S.A. vs rest of 

world 

All-cause mortality Any Placebo 4 5827 5808 1.5 LOW 4/11 

Rienstra 

2013 [46] 

HF with LVEF 

<40% 

RCTs, subgroup AF vs sinus rhythm, AF 

confirmed on ECG 
All-cause mortality Any Placebo 4 4,482 4,198 0.75 LOW 7/11 

Shekelle 

2003 [47] 
HFrEF 5 selected RCTs, >12 weeks duration All-cause mortality Any Placebo 5 n/s n/s 0.25 HIGH 4/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Shibata 

2001 [48] 
HFrEF Published parallel RCTs All-cause mortality Any 

Placebo or no 

Tx 
22 5507 4973 0.9 HIGH 4/11 

Van 

Veldhuisen 

2013 [49] 

HF with LVEF 

>40% 
RCTs, patients on ACEi + diuretics All-cause mortality Any Placebo 3 519 529 2.7 HIGH 5/11 

Wali 2011 

[50] 
HFrEF RCT, subgroup CKD vs no CKD All-cause mortality 

Carvedil

ol 
Placebo 2 2,115 2,102 1.1 HIGH 3/11 

Whorlow 

2000 [51] 

HFrEF NYHA 

class 4 

Published RCT, patients on ACEi, 

diuretics ± digoxin. Tx duration >3 

months 

All-cause mortality Any Placebo 18 313 322 0.75 LOW 3/11 

Zaman 2017 

[52] 
All HF 

RCTs calculating excess mortality from 

deferring medical therapy for 1 year 
All-cause mortality Any Placebo 21 n/s n/s 11.73 LOW 5/11 

Perioperative 

Angeli 2010 

[53] 

Non-cardiac 

surgery 
RCTs reporting mortality All-cause mortality Any Placebo 9 5274 5270 0.076 LOW 10/11 

Angeli 2010 

[54] 

Non-cardiac 

surgery 

RCTs reporting CV and all-cause 

mortality 

CV mortality; all-

cause mortality 
Any 

Placebo, no 

Tx or other Tx 
24 6623 6325 0.076 UNCLEAR 3/11 

Arsenault 

2013 [55] 
Cardiac-surgery RCTs, no history of chronic AF Post-op AF or SVT Any 

Placebo, no 

Tx or other Tx 
33 2294 2404 0.058 LOW 11/11 

Badgett 

2010 [56] 
Cardiac-surgery 

Revised Cardiac Index of ≥1. BB 

administered before induction of 

anaesthesia and continued post-op 

Total mortality; stroke 

during hospitalisation 
Any 

Placebo, no 

Tx or other Tx 
7 5457 5455 n/s LOW 5/11 

Bangalore 

2008 [57] 

Non-cardiac 

surgery 

RCTs, BB started in peri-op period, ±CV 

comorbidities, assessed outcomes within 

30 days of surgery 

20-day ACM, CV 

mortality, non-fatal 

MI, non-fatal stroke, 

HF 

Any 
Placebo, no 

Tx or other Tx 
33 6311 5995 0.066 LOW 10/11 

Biccard 

2008 [58] 

Non-cardiac 

surgery 

Selected studies from five recent 

systematic reviews reporting either CV 

mortality or non-fatal MI. 

CV mortality, non-

fatal MI at 30 days 
Any Placebo 8 976 955 0.083 LOW 5/11 

Blessberger 

2014 [59] 
Any surgery 

RCTs, subgroup cardiac vs non-cardiac 

surgery. >70% under GA. Peri-op period 

is ±30 days 

All-cause mortality Any 
Placebo, no 

Tx or other Tx 
89 7769 7477 0.083 LOW 11/11 

Bouri 2014 

[60] 

Non-cardiac 

surgery 
BB initiated in pre-op period. All-cause mortality Any Placebo 9 5264 5265 0.083 LOW 9/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Dai 2014 

[61] 

Non-cardiac 

surgery 

RCTs, ≥1 risk-factor for CAD, reported 

ACM, MI or stroke 
ACM, MI ± stroke Any Placebo 8 5457 5723 0.17 HIGH 7/11 

Devereauz 

2005 [62] 

Non-cardiac 

surgery 
RCTs 

All-cause mortality, 

adverse effects 
Any Placebo 4 453 454 0.046 LOW 8/11 

Guay 2013 

[63] 
Any surgery 

RCT, reported mortality at 30 days and 

1yr. 
All-cause mortality Any Placebo 12 5550 5551 0.20 HIGH 7/11 

Ji 2016 [64] CABG RCTs reporting new-onset New-onset AF Any Placebo 13 1158 1199 n/s HIGH 8/11 

Khan 2013 

[65] 
Cardiac surgery RCTs reporting AF or SVT AF or SVT Any 

Placebo or no 

Tx 
10 1280 1276 n/s HIGH 9/11 

Landoni 

2010 [66] 

Non-cardiac 

surgery 

RCTs, no restriction to dose/time of 

administration. 
AF or SVT Esmolol 

Placebo or no 

Tx 
32 853 912 n/s HIGH 6/11 

McGory 

2005 [67] 

Non-cardiac 

surgery 

RCTs, started BB preoperatively, 

evaluation ≥1 relevant outcome 

Perioperative + long-

term all-cause 

mortality 

Any Placebo 8 354 278 0.15 HIGH 9/11 

Mostafaie 

2015 [68] 

Non-cardiac 

surgery 

RCTs non-cardiac vascular surgery, 

initiated BB preoperatively 

All-cause mortality, 

CV mortality 
Any 

Placebo or no 

Tx 
2 301 298 0.083 LOW 11/11 

Sakamoto 

2014 [69] 
Cardiac-surgery RCTs in Japanese patients Post-operative AF 

Landiol

ol 

Placebo, no 

Tx or other Tx 
6 302 258 0.019 HIGH 9/11 

Schouten 

2005 [70] 

Non-cardiac 

surgery 

RCTs reporting ≥ 1 of perioperative MI 

and cardiac mortality 

Perioperative MI, 

cardiac mortality 
Any 

Placebo or no 

Tx 
15 551 526 0.020 HIGH 8/11 

Talati 2009 

[71] 

Non-cardiac 

surgery 

RCTs in BB naïve patients initiated 

preoperatively 

All-cause mortality, 

MI, stroke 
Any Placebo 6 5094 5089 0.34 LOW 7/11 

Wang 2013 

[72] 
Cardiac-surgery RCTs reporting post-operative AF Post-operative AF 

Carvedil

ol 

Placebo, no 

Tx or other Tx 
2 111 102 n/s LOW 6/11 

Weisbauer 

2007 [73] 
Any surgery 

RCTs, BB initiated pre/intraoperative or 1 

day post surgery. Subgroup cardiac vs. 

non-cardiac surgery 

All-cause mortality, 

adverse effects 
Any 

Placebo or no 

Tx 
21 2206 2198 0.083 LOW 11/11 

Wijeysunde

ra 2014 [74] 

Non-cardiac 

surgery 

RCTs or cohort studies >100 patients, BB 

started ≤45 days prior to surgery or 

≤24hrs post. 

All-cause mortality, 

MI, CV mortality, 

stroke 

Any 
Placebo or no 

Tx 
16 5986 5977 0.26 LOW 

 

11/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Zangrillo 

2009 [75] 
Cardiac-surgery 

RCTs, no restriction in dose and timing of 

BB. 

Myocardial 

ischaemia; 

arrhythmias 

Esmolol 
Placebo or no 

Tx 
20 386 392 n/s HIGH 9/11 

Hypertension 

Balamuthus

amy 2009 

[76] 

Diabetic with 

HTN 
RCTs in diabetic hypertension 

MI, stroke, CV 

mortality, total 

mortality. 

Any Other Tx 8 5072 5281 5.4 HIGH 7/11 

Bangalore 

2007 [77] 
HTN 

Follow up >/= 1 yr. RCTs with 

randomised comparisons of regimens 

based on BB v other agents 

New-onset DM Any 
Placebo, no 

Tx or other Tx 
12 n/s n/s 4 HIGH 5/11 

Bangalore 

Cardio-

protection 

2008 [78] 

HTN 

RCTs. BB used as first-line treatment for 

HTN, f/u >1 year. Reported 

cardiovascular outcomes 

ACM, CV mortality, 

MI, Stroke, HF 
Any 

Placebo, no 

Tx or other Tx 
9 34096 34124 3.5 LOW 7/11 

Bangalore 

Prevention 

2008 [79] 

HTN 

RCTs, hypertension with cardiovascular 

RFs but no established HF. BB as first 

line monotherapy, f/u >1 yr. HF reported 

as outcome 

New-onset HF. Any Other Tx 6 52,857 13,665 3.5 LOW 8/11 

Bradley 

2006 [80] 
HTN 

RCTs with BB as first-line drug or 

monotherapy 
All-cause mortality Any 

Placebo or no 

Tx 
4 9109 14504 5 HIGH 11/11 

Carlberg 

2004 [81] 
HTN 

RCTs in primary hypertension, treatment 

with atenolol as monotherapy and first-

line drug 

ACM, CV mortality Atenolol 
Placebo or no 

Tx 
8 2625 3767 4.6 LOW 6/11 

Cruickshank 

2017[82] 
HTN <60yrs 

4 meta-analyses investingating obesity, 

sympathetic hyperactivity and beta 

blockers 

Mortality, stroke, MI Any 
Placebo or no 

Tx 
n/s n/s n/s n/s HIGH 3/11 

De Lima 

Luiz 2014 

[83] 

HTN with prior 

stroke or TIA 
RCT, clinical outcomes Stroke recurrence Atenolol 

Placebo or no 

Tx 
2 1104 1089 3 LOW 11/11 

Ding 2012 

[84] 
HTN 

RCT, f/u > 2 years, sample size of >100 

patients 

Non-fatal and fatal 

stroke 
Any Other Tx 5 n/s n/s 3 LOW 5/11 

Jeffers 2016 

[85] 

HTN with prior 

stroke or CAD 

CCB vs other antithypertensive agents on 

cardiovascular outcomes 
Mortality, MI, stroke Any 

Placebo or no 

Tx 
3 n/s n/s 3 LOW 8/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Khan 2006 

[86] 
HTN 

RCTs comparing BB as first line for HTN 

in preventing major cardiovascular 

outcomes. Subgroup >60yrs vs <60yrs 

Composite of: Stroke 

(non-fatal); MI (non-

fatal); CV death 

Any Placebo 2 7588 11826 3 HIGH 6/11 

Kuyper 

2014 [87] 
HTN 

RCTs using BBs as first-line in 

hypertension. Subgroup: Atenolol 

ACM, Stroke, MI, 

composite CV 

outcomes 

Atenolol 
Placebo or no 

Tx 
4 11,025 16,408 n/s HIGH 5/11 

Law 2009 

[88] 
HTN RCT CHD, stroke Any Placebo  n/s n/s n/s HIGH 4/11 

Lindholm 

2005 [89] 
HTN 

RCT of primary HTN, BB as first line 

antihypertensive in at least 50% of pts 
ACM, CV mortality Any 

Placebo or no 

Tx 
7 11025 16408 n/s LOW 4/11 

Messerli 

1998 [90] 
HTN >60yrs 

RCTs, Tx duration > least 1 year, used 

diuretics and/or BB as first-line. Elderly 

cohort >/= 60 years 

Stroke + TIA), Stroke 

mortality, CV 

mortality, ACM. 

Any 
Placebo or no 

Tx 
10 1521 2678 n/s HIGH 4/11 

Palla 2017 

[91] 

HTN black 

patients 

RAS inhibitors vs other antihypertensive 

agents on cardiovascular outcomes 
Mortality, MI, stroke Any Placebo 3 3376 3377 2 LOW 8/11 

Psaty 1997 

[92] 
HTN RCTs, vascular disease, f/u >1 year 

Stroke, CHD, CHF, 

mortality 
Any Placebo 4 383 700 1.5 LOW 8/11 

Remonti 

2016[93] 

HTN with type 

2 diabetes 
MA of RCTs of antihypertensive agents All-cause mortality Any 

Placebo or no 

Tx 
30 n/s n/s 3 LOW 9/11 

Sciarretta 

2011 [94] 

HTN with high 

CV risk 

RCTs, high CV risk and >65% of pts with 

HTN, sample size >200. Reported 

absolute incidence 

New onset HF Any Other Tx 3 14564 14644 4.3 LOW 8/11 

Shinton 

1990 [95] 
HTN 

RCT, reported mortality, cerebrovascular 

and CHD events 
All-cause mortality Any 

Placebo, no 

Tx or other Tx 
3 11858 11826 n/s UNCLEAR 3/11 

Venkata 

2010 [96] 
HTN RCT, subgroup atenolol vs non-atenolol Incident stroke Any Other Tx 12 51963 53882 n/s UNCLEAR 1/11 

Wang 

2016[97] 

HTN with prior 

stroke 

Bayesian network MA of 

antihypertensive agents on reducing 

stroke, CHD, MACCE 

Stroke Any 
Placebo or no 

Tx 
2 1104 1104 2.6 LOW 6/11 

Wiysonge 

2012[98] 
HTN 

RCT, Tx duration >1 year, BB as 

monotherapy or first-line drug 
All-cause mortality Any Placebo 4 n/s n/s n/s LOW 11/11 

Wiysonge 

2017[99] 
HTN 

RCT, Tx duration >1 year, BB as 

monotherapy or first-line drug 
All-cause mortality Any Placebo 4 n/s n/s n/s LOW 11/11 
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INCLUDED 

STUDY 
Population Inclusion population definition Primary outcome 

Beta-

blocker 
Control 

Studies 

n 

Beta-

blocker 

n 

Control 

n 

Follow-

up 

(years)* 

ROBIS 

Bias Risk 

AMSTAR 

Quality 

score 

Wright 1999 

[100] 
HTN 

RCT, Tx duration >1 year, defined end-

points, >70% in treatment group still 

taking drug after 1 year 

ACM, stroke, CAD, 

Sudden cardiac death, 

total CV events 

Any 
Placebo or no 

Tx 
2 5505 10867 n/s HIGH 6/11 

Wright 2000 

[101] 
HTN RCT, BB or thiazides as first line therapy All-cause mortality Any Placebo 2 5505 10867 n/s UNCLEAR 2/11 

Wright 2009 

[102] 
HTN 

RCTs, Tx duration >1 year, reported ITT 

analysis 

ACM, stroke, CV 

events, withdrawal 

due to adverse effects 

Any 
Placebo or no 

Tx 
5 6967 12346 4.5 LOW 11/11 

Xue 2015 

[103] 
HTN 

RCTs with parallel design, > 6 months 

f/u, primary hypertension, Reported 

morbidity or mortality 

ACM, MI, Stroke, HF 

hospitalisation, ESRF 
Any Other Tx 2 4611 4628 4.8 LOW 11/11 

 

 

*as provided or weighted calculation based on number of participants; ACM, all-cause mortality; AF, atrial fibrillation; AMSTAR, A Measurement Tool to Assess 

Systematic Reviews; BB, beta-blocker; CABG, coronary artery bypass graft; CKD, chronic kidney disease; CV, cardiovascular; ETT, exercise tolerance test; f/u, 

follow-up; HF, heart failure; LVEF, left ventricular ejection fraction; LVF, left ventricular failure; MI, myocardial infarction; n/s, not stated; NYHA, New York 

Heart Association; RCT, randomised controlled trial; ROBIS, Risk of Bias in Systematic Reviews; STEMI; ST elevation myocardial infarction; SVT, 

supraventricular tachycardia; Tx, treatment. 
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Supplemental Table 2: Details of excluded meta-analyses 

 

Excluded study Inclusion population definition Exclusion Reason Sample size Results 

Coronary artery disease 

Heidenreich 1999 

[104] 

Randomised studies comparing BB, CCB 

and long acting nitrates. 

Did not compare BB vs 

placebo/no treatment 

90 RCTs involving  72 

BB vs CCB and 6 BB 

vs nitrates 

Cardiac mortality and MI were not significantly different between 

BB vs CCB. Fewer episodes of angina and adverse events with BB 

than CCB 

Howes 1995 [105] 

Meta-analysis of atenolol, celiprolol, 

enalapril, nifedipine and doxazocin on 

cholesterol and BP 

Did not report clinical 

outcomes 

23 RCTs involving 15 

on Atenolol and 5 on 

Celiprolol. 

Atenolol reduced HDL-C and increased total cholesterol, LDL-C 

and triglycerides compared with others 

Huang 2015 [106] 

Meta-analysis of observational studies 

assessing beta-blockers in patients with MI 

undergoing PCI 

Observational studies 

included 
10 studies involving 

40,873 patients 

Beta-blockers were associated with reduced mortality (adjusted HR 

0.76, 95% CI 0.62-0.94) but not with CV mortality, recurrent MI or HF 

hospitalisation 

Jia 2015 [107] 

Meta-analysis of RCTs assessing 

Tongxinluo capsule vs BBs in patients 

with angina 

No hard clinical outcomes 

reported 
73 RCTs  including 

7424 patients 

Tongxinluo improved symptoms and ECG improvements 

significantly more than BBs 

Misumida 2015 

[108] 

Observational studies assessing beta-

blockers in STEMI patients undergoing 

PCI with EF >40% 

Observational studies 

included 

7 observational studies 

involving 10,857 

patients 

Beta-blockers were associated with reduced mortality HR 0.79, 95% 

CI 0.65-0.97 

Shu 2012 [109] 

Diagnosed or suspected IHD. RCTs with 

parallel design, sub-grouped into placebo 

and no Txt comparison 

Did not perform 

systematic search and 

formal meta-analysis 

2 studies (1 placebo, 1 

no Tx). 

All-cause mortality: no Tx comparison OR 0.40 95% CI 0.20-0.79; 

placebo comparison OR 0.92, 95% CI 0.62-1.38 

Heart Failure 

Briasoulis 2015 

[110] 

HFrEF patients. Compared carvedilol vs 

metoprolol 

Did not compare BB vs 

placebo/no treatment 

10 studies. 30,943 on 

carvedilol and 69,925 

on metoprolol. Follow 

up 36.4 months. 

Mortality was reduced with carvedilol vs metoprolol in prospective 

studies only.  No difference in hospitalisation 

Chatterjee 2013 

[111] 
Compared different BB in HF patients 

Did not compare BB vs 

placebo/no treatment 

21 trials. 23,122 

patients 
No differences between BB in mortality 
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Excluded study Inclusion population definition Exclusion Reason Sample size Results 

DiNicolantonia 

2013 [112] 

Compared different BBs in setting of AMI 

or systolic HF 

Did not compare BB vs 

placebo/no treatment 
8 trials of 4,563 patients 

In both AMI and HF trials, cardvedilol significantly reduced 

mortality compared to placebo/ no treatment 

Dobre 2007 [113] 

Systematic review of efficacy and 

tolerability of BB in elderly patients with 

HF 

Does not separate BB from 

other antihypertensive 

agents in a meta-analysis 

3 trials BB are well tolerate and effective in elderly HF patients 

Leizorovicz 2002 

[114] 

Meta-analysis of RCTs comparing 

bisoprolol vs placebo 

Not a systematic approach 

to search 

2 RCTs (CIBIS and 

CIBIS II) including 

3288 patients 

Bisoprolol reduced mortality and hospitalisation compared to 

placebo 

Packer 2001 [115] 
Meta-analysis of RCTs comparing 

carvedilol with metoprolol 

Did not report hard clinical 

end-points (only LVEF 

change). Compared BB vs 

BB. 

19 RCTs Carvedilol increased LVEF more than metoprolol 

Prins 2015 [116] 
Meta-analysis of observational and 

randomised studies 

Compared BB withdrawal 

vs BB continuation 

5 observational and 1 

randomised study 

including 2,704 

continued on BB and 

439 discontinued 

Discontinuation of BBs in acute decompensated HF significantly 

increased mortality and rehospitalisation 

Zarembski 1996 

[117] 

Meta-analysis of RCTs assessing BB 

versus placebo in dilated cardiomyopathy 

Only reports NYHA class 

and LVEF change 

11 RCTs including 623 

patients 

Low dose BB improved NYHA functional class and LVEF 

compared to placebo 

Perioperative 

Crystal 2002 [118] 
RCTs in CABG ± valve surgery. Reported 

SVT incidence 

Did not provide relevant 

clinical outcomes 
27 trials Reduced incidence of AF and SVT 

DiNicolantonia 

2014 [119] 

Compared carvedilol vs metoprolol on 

incidence of AF in CABG 

Did not compare BB vs 

placebo/no treatment 
4 trials of 601 patients. 

Carvedilol significantly reduced post-operative AF compared to 

metoprolol. 

Kaw 2011 [120] 

Meta-analysis of studies evaluating the 

association of new onset AF after CABG 

with mortality 

Compared patients with 

AF vs non-AF (and not BB 

vs control) 

11 RCTs including 

40,112 patients 

Perioperative BB reduced occurrence of AF whereas ACEi 

increased it 

Ollila 2018[121] 

Meta-analysis of RCTs evaluating 

intraperoperative BB use in mon-cardiac 

surgery 

Not a meta-analysis of all-

cause mortality: only 1 

RCT included. 

2 RCTs including 133 

patients 

Esmolol reduced myocardial ischaemia but had no significant evet 

on composite of cardiac events, hypotension or mortality 
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Excluded study Inclusion population definition Exclusion Reason Sample size Results 

Yu 2011 [122] 

Non-cardiac surgery, esmolol v control, 

studies provide details on dose/infusion 

protocols. 

Does not provide crude 

numbers so risk ratio 

outcome cannot be 

calculated. 

67 RCTs 

Esmolol reduced myocardial ischaemia (OR 0.17, 95% CI 0.02-

0.45). Increased incidence of hypotension (dose related) but not 

bradycardia with esmolol 

Hypertension 

Aursnes 2003 

[123] 
Bayesian fixed effect model 

Included studies did not 

separate diuretic therapy 

from beta-blockers 

27 trials 
BB or diuretics are similar to ACEi and CCB in stroke and HF 

prevention but superior to CCB in preventing coronary events 

Baguet 2005 [124] 
Calculation of the sum weighted for trial 

size 

Did not report clinical 

outcomes 

72 RCTs comprising 

9,094 patients 

SBP reduction more marked with diuretics, CCB and ACEi. Drug 

classes had a similar magnitude of effect on DBP 

Baguet 2007 [125] 

Mean BP reduction for drug classes 

evaluated by combing data and weighting 

by trial size. 

Did not report clinical 

outcomes 
80 RCTs involving 

10,818 patients 

Atenolol reduced SBP by 15.2mmHg and DBP by 12.1mmHg.  

Largest SBP reduction seen with CCB and ACEi whilst DBP were 

generally similar between classes but most marked with BB 

Dahlof 2007 [126] 
RCT, first-line BB, Tx duration >1 year or 

>1000 patient years of f/u 

Did not report crude data, 

only report HR for stroke. 

5 RCTs including 

12537 subjects 

Beta blocker based antihypertensive therapy reduced cardiovascular 

risk compared to placebo or no treatment 

Germino 2012 

[127] 

Nebivolol vs placebo in 12 week RCT. 

Pooled changes in BP and heart rate and 

adverse events 

Did not report clinical 

outcomes 3 RCTs involving 1380 

on nebivolol and 205 

on placebo. 

Nebivolol significantly reduced both SBP and DBP compared to 

placebo, but with less efficacy in patients >62 years. Similar rates of 

adverse events between groups 

 

Marpillat 2013 

[127] 

Network meta-analysis of antihypertensive 

therapy on cognition 

Only outcome reported is 

cognitive decline 

19 RCTs (n = 18,515) 

and 11 studies (n = 

831,674) 

BBs were less effective at reducing cognitive decline compared to 

ARBs, but not compared to CCBs, ACEi and diuretics 

Magee 1999 [128] 
Meta-analysis of RCTs investigating BBs 

in pregnancy hypertension 

Did not report relevant 

clinical outcomes 34 RCTs 

BBs were associated with an increase in small for gestational age, 

but decreased severe hypertension, proteinuria and respiratory distress 

syndrome 

Mulrow 2009 

[129] 

Cochrane review of RCTs of >1 year 

duration in hypertensive elders (≥60 years) 

Did not separate BBs from 

other antihypertensive 

therapies 

15 RCTs including 

24,055 subjects 

Antihypertensive therapy reduced mortality in those 60 years or 

older but not those 80 years or older 

Psaty 200 3[130] 
RCTs, f/u >1 year, network meta-analysis 

comparing to low dose diuretics only 

Not systematic BB vs 

control 

42 RCTs including 

192,478 subjects 

Low dose diuretics were the most effective first line treatment to 

prevent cardiovascular morbidity and mortality. 
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Excluded study Inclusion population definition Exclusion Reason Sample size Results 

Turnbull 200 

3[131] 

Meta-analysis of effects of different 

antihypertensive therapies on clinical 

outcomes 

Did not separate diuretic 

therapy from beta-blockers 
29 RCTs including 

162,341 patients 

There were no differences in major cardiovascular events between 

ACEi, CCB or diuretics/BB, although ACEi reduced BP less 

Turnbull 2005 

[132] 

Meta-analysis of BP lowering regimens in 

patients with and without diabetes 

Did not separate diuretic 

therapy from beta-blockers 

27 RCTs including 

158,709 patients 

Major CV events were reduced similarly in those with and without 

diabetes by ACEi, CCB, ARB and diuretics/BB 

 

 

ACEi, angiotensin converting enzyme inhibitor; AF, atrial fibrillation; ARB, angiotensin receptor blocker; BB, beta blocker; AMI, acute myocardial infarction; BP, 

blood pressure; CABG, coronary artery bypass graft; CCB, calcium channel blocker; CI, confidence interval; CIBIS, Cardiac Insufficiency Bisoprolol Study; CV, 

cardiovascular; DBP, diastolic blood pressure; f/u, follow up; HDL, high density lipoprotein; HF, heart failure; HR, hazard ratio; LDL, low density lipoprotein; LVEF, 

left ventricular ejection fraction; MI, myocardial infarction; NYHA, New York Heart Association; OR, odds ratio; PCI, percutaneous coronary intervention; RCTs, 

randomised controlled trials; SBP, systolic blood pressure; STEMI, ST-elevation myocardial infarction; SVT, supraventricular tachycardia. 
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Supplemental Table 3: ROBIS results for each individual meta-analysis 

The ROBIS checklist tool was used to assess any concerns with the review process, including study 

eligibility criteria, identification and selection of studies, data collection and study appraisal, and synthesis 

of findings.  The overall risk of bias is the interpretation of review findings, and whether these considered 

the limitations found in the domains above. 

 

 

Study Comment 

Study 

eligibility 

criteria 

Identification 

and selection 

of studies 

Data collection 

and study 

appraisal 

Synthesis 

and 

findings 

Risk of bias 

in the 

review 

Coronary Artery Disease 

Al-Reesi 2008[6]  Low Low Low Low High 

Bangalore 2014[7]  Low Low Low Low Low 

Brandler 2010[8]  Low Low Low High Low 

Chatterjee  2013[9]  Low Low Low Low Low 

Elgendy 2016[10]  Low Low High Low Low 

Freemantle 1999[11]  Low Low Low High High 

Houghton 2000[12]  Low High High High Low 

Huang HL  2012[13]  Low Low High High High 

Olsson 1992[14]  High High Low High High 

Paladino 2010[15]  Low Low High High Low 

Perez 2009[16] Registered Low Low Low Low Low 

Shu 2012[109]  Low High High High High 

Soriano 1997[17]  Low Low Low Low High 

Heart Failure       

Abdulla 2006[18]  Low Low High Low High 

Al-Gobari 2013[19]  Low High High Low Low 

Azevum 1998[20]  Low High Low Low High 

Badve 2011[21]  High High High Low Low 

Bavishi 2014[22]  Low Low Low Low Low 

Bell 2006[23]  Low High High High High 

Bonet 2000[25]  Low Low High High High 

Bouzamondo 2003[26]  Low High High High High 

Burnett 2017[24]  Low Low High Low Low 

Brophy 2001[27]  Low High High Low Low 

Cleland 2018[28] Registered IPD Low Low Low Low Low 
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Cleophas 2001[29]  Low High High High Unclear 

Dulin 2005[30]  Low High High High High 

Fauchier 2007[31]  Low High High Low Low 

Fukuta 2016[32]  Low Low High Low Low 

Haas 2003[33]  Low High High Low Low 

Heidenreich 1997[34]  Low Low High High High 

Kotecha 2014[35] Registered IPD Low Low Low Low Low 

Kotecha 2016[36] Registered IPD Low Low Low Low Low 

Kotecha 2017[28] Registered IPD Low Low Low Low Low 

Krum 2005[38]  Low Low High High Low 

Lechat 1998[39]  Low High High Low High 

Lee 2001[40]  Low High High Low High 

Liu 2014[41]  Low High Low Low Low 

Martin 2018[42]  Low Low Low Low Low 

McAlister 2009[43]  Low Low Low Low Low 

Nasr 2006[44]  Low Low Low Low Low 

O’Connor 2011[45]  Low High High Low Low 

Rienstra 2013[46]  Low Low Low Low Low 

Shekelle 2003[47]  High High High Low High 

Shibata 2001[48]  High Low High High High 

Van Veldhuisen 

2013[46] 

 
High High High High High 

Wali 2011[50]  Low Low Low Low High 

Whorlow 2000[51]  Low High High High Low 

Zaman 2017[52]  Low Low High Low Low 

Perioperative       

Angeli 2010[53] bias  Low Low Low Low Low 

Angeli 2010[54] 

mortality 

 
High High High High Unclear 

Arsenault 2013[55]  Low Low Low Low Low 

Badgett 2010[56]  Low High High Low Low 

Bangalore 2008[57]  Low Low Low Low Low 

Biccard 2008[58]  High High High Low Low 

Blessberger 2014[59] Registered Low Low Low Low Low 

Bouri 2014[60]  Low Low Low Low Low 
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Dai 2014[61]  Low Low Low Low High 

Devereauz 2005[62]  Low Low Low Low Low 

Guay 2013[63]  Low Low Low Low High 

Ji 2016[64]  Low Low Low Low High 

Khan 2013[65]  Low Low Low Low High 

Landoni 2010[66]  Low Low Low Low High 

McGory 2005[67]  Low Low Low Low High 

Mostafaie 2015[68] Registered Low Low Low Low Low 

Sakamoto 2014[69]  Low Low Low Low High 

Schouten 2005[133]  Low Low Low High High 

Talati 2009[71]  Low Low High Low Low 

Wang 2013[72]  Low Low Low Low Low 

Weisbauer 2007[73]  Low Low Low Low Low 

Wijeysundera 2014[74]  Low Low Low Low Low 

Zangrillo 2009[75]  Low Low Low Low High 

Hypertension       

Balamuthusamy 

2009[76] 

 
Low Low Low Low High 

Bangalore 2007[77]  Low High High Low High 

Bangalore 2008[78] 

Cardioprotection 

 
Low Low High Low Low 

Bangalore 2008[79] 

Prevention 

 
Low Low Low Low Low 

Bradley 2006[80]  Low Low Low Low High 

Carlberg 2004[81]  Low Low High High Low 

Cruickshank 2017[82]  Low High High High High 

De Lima Luiz 2014[83] Registered Low Low Low Low Low 

Ding 2012[84]  Low Low High High Low 

Jeffers 2016[85]  Low Low Low Low Low 

Khan 2006[86]  Low Low Low Low High 

Kuyper 2014[87]  Low Low High Low High 

Law 2009[88]  Low Low Low Low High 

Lindholm 2005[89]  Low Low High High Low 

Messerli 1998[90]  Low Low High Low High 

Palla 2017[91]  High Low Low Low Low 
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Registered indicates the review was prospectively registered with a publicly available database, for example 

in PROSPERO.  For references see Supplement 2.  IPD, individual patient-data meta-analysis.

Psaty 1997[92]  Low High Low Low Low 

Remonti 2016[93]  Low Low Low Low Low 

Sciarretta 2011[94]  Low Low Low Low Low 

Shinton 1990[95]  Low High High High Unclear 

Venkata 2010[96]  Low Unclear Unclear Unclear Unclear 

Wang 2016[134]  Low High Low Low Low 

Wiysonge 2012[98]  Low Low Low Low Low 

Wiysonge 2017[99]  Low Low Low Low Low 

Wright 1999[100]  Low Low Low High High 

Wright 2000[101]  High High High High Unclear 

Wright 2009[102] Registered Low Low Low Low Low 

Xue 2015[103] Registered Low Low Low Low Low 
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Supplemental Table 4: GRADE Scale for Assessment of Certainty of Evidence 

The Grading of Recommendations, Assessment, Development and Evaluation (GRADE) approach tool was 

used to assess the certainty of evidence. It provides a structured and transparent evaluation of the importance 

of outcomes, using a comprehensive criteria for downgrading or upgrading the certainty of evidence based 

on  five factors: risk of bias, inconsistency of results, indirectness of evidence, imprecision in effect 

estimates, and publication bias. The overall certainty of evidence is the combined rating of the quality of 

evidence across these factors. 

 

 

Study Risk of bias Inconsistency Indirectness Imprecision 
Publication 

bias 

Overall certainty 

of evidence 

Coronary Artery Disease: Acute Coronary Syndrome (trials after routine reperfusion) 

All-cause mortality Not serious Serious Not serious Not serious None Moderate 

Incident myocardial 

infarction 
Not serious Not serious Not serious Not serious None High 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Incident heart failure Not serious Not serious Not serious Serious None Moderate 

Coronary Artery Disease: Acute Coronary Syndrome (trials before routine reperfusion) 

All-cause mortality Not serious Serious Not serious Not serious None Moderate 

Incident myocardial 

infarction 
Not serious Not serious Not serious Not serious None High 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Incident heart failure Not serious Not serious Not serious Serious None Moderate 

Coronary Artery Disease: Non-acute ischaemic heart disease (trials after routine reperfusion) 

All-cause mortality Not serious Serious Not serious Very serious None Very low 

Incident myocardial 

infarction 
Not serious Serious Not serious Very serious None Very low 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Incident heart failure Not serious Not serious Not serious Not serious None High 

Coronary Artery Disease: Non-acute ischaemic heart disease (trials before routine reperfusion) 

All-cause mortality Not serious Not serious Not serious Not serious None High 

Incident myocardial 

infarction 
Not serious Not serious Not serious Not serious None High 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Incident heart failure Not serious Not serious Not serious Serious None Moderate 

Heart failure with LVEF < 40%, in sinus rhythm 

All-cause mortality Not serious Not serious Not serious Not serious None High 

Cardiovascular 

mortality 
Not serious Not serious Not serious Not serious None High 
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Heart failure 

hospitalisation 
Not serious Not serious Not serious Not serious None High 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Heart failure with LVEF < 40%, in atrial fibrillation 

All-cause mortality Not serious Not serious Not serious Not serious None High 

Cardiovascular 

mortality 
Not serious Not serious Not serious Not serious None High 

Heart failure 

hospitalisation 
Not serious Not serious Not serious Not serious None High 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Heart failure with LVEF  40% 

All-cause mortality Not serious Serious Not serious Serious None Moderate 

Cardiovascular 

mortality 
Not serious Serious Not serious Serious None Low 

Heart failure 

hospitalisation 
Not serious Serious Not serious Serious None Low 

Perioperative: Non-cardiac surgery (high risk of bias trials) 

All-cause mortality Very serious Not serious Very serious Serious High Very low 

Incident myocardial 

infarction 
Very serious Not serious Very serious Not serious High Very low 

Incident stroke Very serious Serious Serious Very serious High Very low 

Perioperative: Non-cardiac surgery (low risk of bias trials) 

All-cause mortality Not serious Not serious Not serious Serious None Moderate 

Incident myocardial 

infarction 
Not serious Not serious Not serious Not serious None High 

Incident stroke Not serious Not serious Not serious Not serious None High 

Perioperative: Cardiac surgery 

All-cause mortality Not serious Not serious Not serious Very serious None Low 

Incident myocardial 

infarction 
Not serious Not serious Not serious Very serious None Low 

Incident stroke Not serious Not serious Not serious Very serious None Low 

Hypertension: Beta-blocker vs placebo 

All-cause mortality Not serious Not serious Not serious Serious None Moderate 

Incident myocardial 

infarction 
Not serious Not serious Not serious Serious None Moderate 

Incident stroke Not serious Serious Not serious Serious None Low 

Hypertension: Beta-blocker vs Diuretic 

All-cause mortality Not serious Not serious Not serious Serious None Moderate 
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Risk of bias was considered serious if the risk reduces confidence in the estimated treatment effect. Risk of 

bias was considered very serious if the risk is sufficiently large that the confidence in the estimated 

treatment effect is considerably lower. Inconsistency was considered serious if analyses do not share a 

consistent treatment effect. Inconsistency was considered very serious if analyses had dissimilar point 

estimates, non-overlapping confidence intervals, and significant heterogeneity. Indirectness was considered 

serious if cumulative evidence was derived from trials assessing interventions in participants with varying 

baseline cardiovascular risk. Indirectness was considered very serious if cumulative evidence was derived 

from trials assessing interventions in participants with wide variety of sub-indications. Serious imprecision 

was considered if the 95% confidence intervals overlaps with the minimally important difference for clinical 

benefit (RR >1.10). Very serious imprecision was considered if the 95% confidence intervals include both 

clinically important benefit (RR <0.90) and harm (RR >1.10).  

 

  

Incident myocardial 

infarction 
Not serious Not serious Not serious Very serious None Low 
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Supplemental Figure 1. PRISMA flow diagram 

 
Numbers (n) reflect the number of included or excluded meta-analyses in our systematic review. 

BB, beta-blocker; f/up, follow-up. 
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Supplemental Figure 2. ROBIS results from meta-analyses in each cardiovascular 

condition 

 
 

Graphical presentation of the ROBIS (Risk Of Bias In Systematic review) checklist results from all included 

meta-analyses categorised into each cardiovascular condition.  Red colour represents high risk of bias, green 

represents low risk of bias, and blue represents unclear bias risk.  The “risk of bias in review” category 

indicates the overall risk of bias rating. 

  



 

 BMC Medicine 2020; DOI: 10.1186/s12916-020-01564-3 25 

Supplemental Figure 3: Coronary artery disease meta-analyses 

 
Summary plots of meta-analyses for coronary artery disease, including A) all-cause mortality; B) 

myocardial infarction; and C) heart failure; ordered by study quality using the AMSTAR index.  
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Supplement Figure 4: Heart failure meta-analyses 
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Summary of meta-analyses for heart failure reporting A) all-cause mortality; B) cardiovascular mortality; C) 

heart failure hospitalisation; and D) non-fatal stroke; ordered by AMSTAR. * adjusted outcome. 
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Supplemental Figure 5: Perioperative risk reduction meta-analyses 
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Summary plots of meta-analyses for perioperative risk reduction, including A) all-cause mortality; B) 

myocardial infarction; and C) stroke; ordered by study quality using AMSTAR index. 
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Supplement Figure 6: Hypertension meta-analyses 
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Summary plots of meta-analyses for hypertension reporting A) all-cause mortality; B) myocardial infarction; 

and C) stroke; ordered by study quality using the AMSTAR index. * adjusted outcome. 



 

 BMC Medicine 2020; DOI: 10.1186/s12916-020-01564-3 32 

Supplemental Figure 7: Hypertension meta-analyses according to beta-blocker type 

 
 

Sensitivity analysis for hypertension according to beta-blocker type (atenolol versus non-atenolol), including 

A) all-cause mortality; B) myocardial infarction; and C) stroke; ordered by AMSTAR. 
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